Introduction
============

Steatosis should be determined whenever metabolic liver disease is suspected as a primary disease or coexisting condition. Serum biomarkers of steatosis such as the SteatoTest are recommended for large-scale screening studies, because of the limited access and cost of imaging [@R1].

European guidelines have recommended three blood tests for the diagnosis of steatosis in large studies of patients at risk of nonalcoholic fatty liver disease (NAFLD). The three most well-validated steatosis scores are the fatty liver index, the SteatoTest, and the NAFLD liver fat score, which have all been externally validated in the general population or in grade 3 obese persons to predict metabolic, hepatic, and cardiovascular outcomes/mortality. Guidelines have also stated that these scores are associated with insulin resistance and reliably predict the presence (≥5% of hepatocytes), but not the severity, of steatosis [@R2].

Indeed, the evidence-based diagnostic studies published at that time did not address a major limitation that was induced by the small number of controls without steatosis [@R3],[@R4]. In the 'best' external validation, only 5% of the population had no histological steatosis (\<5%) (15 controls of 496 patients at risk), which prevents any serious estimate of the specificity of steatosis tests [@R2]. In the usual context of use of NAFLD screening, such as diabetics or the general population, the expected prevalence of steatosis is not 95%, but between 20 and 50%, as presumed by proton magnetic resonance spectroscopy (MRS) [@R1],[@R5]. SteatoTest was the only recommended blood test that included a large number of controls without steatosis in its construction and internal validations [@R2],[@R4],[@R6].

When constructing noninvasive tests for metabolic liver disease, another underevaluated consequence of the variability of steatosis is its effect on the prevalence of NASH, which is usually defined by the American Clinical-Research-Network (CRN) and European Fatty-Liver-Inhibition-of-Progression (FLIP) scoring systems, requiring at least 5% steatosis [@R3].

The first SteatoTest had certain limitations, including potential variability from two components, the BMI and total bilirubin. BMI is a source of significant variability because of the methods of measurement [@R7] and aging [@R8]. Total bilirubin can induce false positives because of Gilbert syndrome or hemolysis [@R9]. Finally, we also evaluated the performance of these tests in assessing the quantity of steatosis.

Thus, to simplify the feasibility of the original test, our goal was to construct and validate a simplified SteatoTest-2 without BMI and total bilirubin as components. On the basis of the effect of the definition of steatosis on the construction of biomarkers, both for steatosis and NASH [@R3],[@R4],[@R10]--[@R12], we used several validation studies, including new controls without steatosis and paired biopsies, to compare the performances of these tests for various prevalences of steatosis.

Patients and methods
====================

All clinical studies were approved by the ethics committee at each participating institution and were performed according to good clinical practice and the Declaration of Helsinki, and all patients provided written informed consent. Details were provided in each publication and summarized in Supplementary File S1 (Supplemental digital content 1, [*http://links.lww.com/EJGH/A358*](http://links.lww.com/EJGH/A358)).

Study design
------------

The primary aim of this retrospective study that prospectively analyzed patient subsets (Fig. [1](#F1){ref-type="fig"}) was to construct a new SteatoTest-2 (patent pending) that was simplified, was highly concordant with and not inferior to the first-generation SteatoTest, with greater applicability and had less risk of false positives in the general population. The SteatoTest-2 was also assessed in a prospective trial of selonsertib for the treatment of NASH on the basis of paired biopsies before and after treatment.
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The secondary aim was to assess the performance of SteatoTest-2 when combined with NashTest-2, in noninvasive algorithms reproducing the histological NASH-algorithms (CRN or FLIP), which needed the presence of steatosis for the diagnostic of NASH [@R3],[@R4].

We also evaluated the variability of SteatoTest-2 areas under the receiver operating characteristic curve (AUROCs) in relation to the prevalence of steatosis, the spectrum effect, degrees of inflammation, stages of fibrosis, fasting glucose, and BMI. Finally, the SteatoTest-2 was validated for the CRN grades of moderate and marked steatosis [@R1].

Patients and controls
---------------------

A total of nine different subsets of individual data were included. All data were previously published (Fig. [1](#F1){ref-type="fig"}). One subset was used for the construction of the original test (C1) including 307 cases with different causes of steatosis, and controls [@R6]. Four subsets were used for validation: V1, including 600 patients with NAFLD [@R13]; V2, 481 obese patients [@R14]; V3, 72 patients with NASH [@R15]; and V4, 1537 patients with chronic hepatitis C [@R16]. These five subsets had biopsies and are described in Table [1](#T1){ref-type="table"}. Finally, four subsets without biopsies (Table [2](#T2){ref-type="table"}) were used to assess the prevalence of steatosis presumed by both SteatoTest-2 and SteatoTest, in targeted patients with increasing risks of steatosis: T1, 327 blood donors [@R17]; T2, 7416 healthy volunteers [@R18]; T3, 359 patients with type 2 diabetics [@R17]; and T4, 133 045 patients with NAFLD [@R13]. Controls with a low or very low risk are described in the Statistics section.

###### 

Clinical and histological characteristics of patients with suspected steatosis included in five subsets with biopsies
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###### 

Clinical characteristics and steatosis grades, NASH grades, and fibrosis stages, presumed by blood tests in four subsets with increasing risks of steatosis
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Histological references
-----------------------

All biopsies were scored by experienced pathologists, blinded to historical biopsy reports, test results, and other clinical data. Details of methods were provided in Supplementary File S1 (Supplemental digital content 1, [*http://links.lww.com/EJGH/A358*](http://links.lww.com/EJGH/A358)). The FLIP--CRN scoring system was used for the main end point [@R10]--[@R12]. The steatosis score (S) assesses and rates the quantity of large-sized or medium-sized lipid droplets from 0 to 3, except for foamy microvesicles (S0: \<5%; S1: 5--33%, mild; S2: \>33--66%, moderate; and S3: ≥66%, marked). Activity grade (A, from 0 to 4) is the unweighted addition of hepatocyte ballooning (0--2) and lobular inflammation (0--2). Cases with A0 (A=0) have no activity, A1 (A=1) mild activity, A2 (A=2) moderate activity, A3 (A=3) severe activity, and A4 (A=4) very severe activity. Fibrosis stage (F) was assessed by the following score: stage 0 (F0)=none; stage 1 (F1)=1a or 1b perisinusoidal zone 3 or 1c portal fibrosis; stage 2 (F2)=perisinusoidal and periportal fibrosis without bridging; stage 3 (F3)=bridging fibrosis; and stage 4 (F4)=cirrhosis (Supplementary File S1, Supplemental digital content 1, [*http://links.lww.com/EJGH/A358*](http://links.lww.com/EJGH/A358)). To reduce interobserver variability and standardize the reading on the basis of the new SAF--FLIP histological classification, we used reports reviewed by members of the FLIP Pathology Consortium (Frederic Charlotte, for C1, V1, and V2; Pierre Bedossa for C1, V1, and V4; and Dina Tianakos for V1) or CRN (Zack Goodman for V1 and V3).

Blood tests
-----------

The FibroTest, ActiTest, and original SteatoTest are patented as '*In Vitro* Diagnostic Multivariate Index Assays' for the diagnosis of METAVIR fibrosis stages, including cirrhosis, for SAF-equivalent activity and for SAF-equivalent steatosis grades, respectively [@R10]. A quantitative NashTest-2 was constructed and internally validated in 1081 patients at risk of metabolic liver disease [@R4]. These tests are exclusively available online and include clinical security algorithms. The recommended cutoffs were the same, whatever the chronic liver disease (Supplementary File S1, Supplemental digital content 1, [*http://links.lww.com/EJGH/A358*](http://links.lww.com/EJGH/A358)). Analyzers and kits were those validated and recommended by BioPredictive, and all control assays were performed in the reference biochemistry department of Pitié Salpêtrière Hospital [@R10].

The original SteatoTest, recommended in recent NAFLD guidelines, was used as the comparator [@R1]. The SteatoTest-2 was constructed by regression analysis without BMI or total bilirubin as components, but with aspartate aminotransferase (AST). Thus, the new test included the following 10 components in its patented formula: α-2-macroglobulin, apolipoprotein A1, haptoglobin, γ-glutamyl transferase, alanine aminotransferase, AST, total cholesterol, and fasting glucose, adjusted by age and sex.

Statistical analysis
--------------------

The protocol and analyses followed FibroSTARD recommendations [@R19] adapted for steatosis [@R3],[@R4], which are described in Supplementarty File S2 (Supplemental digital content 2, [*http://links.lww.com/EJGH/A359*](http://links.lww.com/EJGH/A359)). We previously discussed the limitations of the FLIP and CRN standard definitions of metabolic liver disease and their effect on the construction of noninvasive tests [@R3]. These limitations include the presence of appropriate histological controls in only 2.2% (13/576) of cases without steatosis and without inflammatory activity in the reference study of the CRN group [@R3],[@R12].

SteatoTest-2 was constructed retrospectively (C1) on the basis of the same subset used for the construction of the original SteatoTest, from a sample size of 307 cases with all components. To ensure appropriate power for the noninferiority tests between the AUROCs of the new test and the reference test, as well as for the correlation of concordance in the different data subsets, we included more than 2000 patients at risk of metabolic or virologic steatosis, with centralized biopsies. Two validation subsets, V3 and V4, had not been previously published for assessing the performance of SteatoTest.

For the main end point of noninferiority, we directly compared empirically estimated AUROCs, without using nonbinary AUROCs because the same patients underwent both the new and reference tests simultaneously in each data subset (Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}). The primary end point was to compare test results in all included cases with biopsies for the diagnosis of all grades of steatosis (from S1 to S3 CRN grades) to the absence of steatosis (S0).

To prevent the limitations of previous studies of biomarkers, which have included fewer than 30 cases without steatosis [@R20], and as discussed elsewhere [@R3],[@R4], we included a large number of controls, 158 cases with histologically proven grade CRN-S0 from validation subsets (V1--V4), and 2779 controls of T1 (*n*=207) and T2 (*n*=2562) subsets without biopsy (Table [3](#T3){ref-type="table"}). These controls without biopsy were defined on the same criteria than those used for the controls of studies which assessed the performances of localized proton MRS, by hepatic triglyceride content [@R21]: no identifiable risk factors, a BMI below 25 kg/m^2^, no diabetes, fasting glucose below 6.1 mmol/l, minimal alcohol consumption (20 g for women and 30 g for men), and no known liver disease. Secondary end points were AUROCs with specificity assessed in three control groups, biopsy+T1 controls, biopsy+T2 controls, and biopsy+T1+T2 controls.

###### 

Noninferiority of SteatoTest-2 compared with the original SteatoTest for the diagnostic of steatosis of at least 5%
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Cutoffs were based on the method used for MRS [@R21]. In that study, the 95% percentile of hepatic triglyceride content, assessed in 345 controls with no risk of steatosis, was 5.56%. This corresponds to a hepatic level of 55.6 mg/g and is considered the cutoff for the upper limit of normal (ULN) on MRS, and a reference for the absence of steatosis (grade S0). In our study, we chose a cutoff that optimized a high negative predictive value (≥90%) of ST2 for the diagnosis of steatosis of at least 5%. On the basis of the usual range of the prevalence of steatosis (17--46%) in adults [@R1],[@R18],[@R21],[@R22], we chose 18.1% (95% confidence interval (CI): 17.2--18.9%; 1336/7395\] as the predetermined prevalence to determine the negative predictive value of the new cutoff of SteatoTest-2. This prevalence was previously assessed in consecutive healthy volunteers, representative of the French population aged 40 years or older [@R18].

The performances of SteatoTest-2 were compared with the reference SteatoTest in the C1 to V4 subsets, using the noninferiority test (0.10 margin) of the difference between AUROCs predicting NAS--CRN steatosis grades 1--3 versus grade 0 (no steatosis or \<5% of hepatocytes). Sensitivity analyses were performed to evaluate the influence of factors of variability (inflammation grade, fibrosis stage, obesity, and fasting glucose with two cutoffs, 6.1 for insulin resistance and 7.0 for diabetes type 2).

To ensure that the prediction of the grades of steatosis was similar in all the subsets by the Steatotest-2 and the SteatoTest, the level and significance of the Lin concordance coefficient was assessed between the two tests.

The medians and the interquartile distribution of all tests were graphically represented according to histological scores and control subsets. The Tukey--Kramer's test compared all pairs simultaneously with confidence intervals of mean differences and *P* values. Notched box plots were constructed using the formula: median±(1.57×interquartile range/*√n*). If the notches of two boxes did not overlap, the medians were significantly different.

In patients in the selonsertib trial, liver biopsies and serum markers, including the SteatoTest, SteatoTest-2, NashTest-2, and FibroTest, were performed at baseline and at 24 weeks of treatment. The differences in paired test results at baseline and at 24 weeks of treatment were compared between patients without (nonresponders) and with (responders) a histological improvement, defined as at least one-point improvement in the NAFLD activity score. All analyses were blinded to treatment effect as set out in the protocol [@R15].

We assessed the influence of the definition of steatosis (presumed by the SteatoTest-2) on the prevalence of NASH, presumed by the NashTest-2 in the subsets of patients without biopsies, based on the standard CRN algorithm (steatosis ≥5%) or the FLIP algorithm for significant activity (FLIP score A2) as previously published [@R3],[@R9],[@R16]--[@R18]. The aim, for use in large populations, was to identify a sensitive cutoff for the SteatoTest-2 for patients with at least steatosis grade S1 and to identify those cases with clinically significant NASH, that is, at least grade N2 in the CRN or the FLIP scoring system.

All statistical analyses were performed using NCSS-12.0 [@R23] and R [@R24].

Results
=======

Characteristics of included patients
------------------------------------

A total of 2997 patients with biopsies and histological scores were assessed by the SAF scoring system (Table [1](#T1){ref-type="table"}). Although the characteristics of included patients have already been published in the original publications, the value of the present integrated database was the wide range of characteristics, making it possible to evaluate the robustness of the blood tests according to factors of variability. The interquartile range of age was between 34 and 61 years. The prevalence of histological steatosis ranged from 7.3 to 24.5%, NASH from 13.7 to 100%, cirrhosis from 0 to 42.6%, the prevalence of T2-diabetes from 7.5 to 70.8%, and obesity (BMI≥30) from 13.6 to 100%. The subset of obese patients was younger, with a higher percentage of women, and a lower prevalence of advanced fibrosis than the other subsets.

New SteatoTest-2
----------------

Unlike the SteatoTest, the SteatoTest-2 did not include BMI or total bilirubin but did include AST, with different independent coefficients for the remaining nine components. The values of the SteatoTest-2 in the six different subsets, from controls without risk factors to marked steatosis at biopsy, are provided in Fig. [2](#F2){ref-type="fig"}. Differences were all highly significant between all pairs of subsets (*P*\<0.001).

![Performances \[area under the receiver operating characteristic curve (AUROC)\] of SteatoTest-2 according to the possible choices of controls without steatosis estimating the specificity. (a) AUROC for steatosis S1--S3 assessed using controls, with biopsy only. (b) AUROC for steatosis S1--S3 assessed using controls, also with blood donors and volunteers. (c) AUROC for steatosis S1--S3 assessed using controls, biopsy, and volunteers. (d) AUROC for steatosis S1--S3 assessed using controls, biopsy, and blood donors. (e) AUROC for steatosis S2--S3 assessed using controls, with biopsy only.](meg-31-393-g005){#F2}

The clinical characteristics and grades of steatosis and NASH as well as the stages of fibrosis presumed by the blood tests in the four targeted subsets with increasing risks of steatosis are described in Table [2](#T2){ref-type="table"}. As expected, the prevalence of steatosis presumed by the SteatoTest increased from 15.5% in blood donors to 84.4% in patients who underwent a FibroTest.

The AUROCs of the SteatoTest-2 were noninferior to the reference SteatoTest, which was the comparator. All noninferiority tests were significant (*P*\<0.001; Table [3](#T3){ref-type="table"}). Results of the AUROCs for the SteatoTest-2 and SteatoTest varied depending on the control groups and the prevalence of steatosis: 0.772 (95% CI: 0.713--0.820) and 0.786 (95% CI: 0.729--0.832), respectively, in the 2997 cases with biopsy (prevalence of steatosis 62%) to 0.822 (95% CI: 0.810--0.834) and 0.868 (95% CI: 0.858--0.878), respectively, in the 5776 cases including controls without risk factors of steatosis and without biopsy (prevalence of steatosis 32%; Table [3](#T3){ref-type="table"}).

We evaluated the influence of the selection of controls on SteatoTest-2 AUROCs. AUROCs varied from 0.734 (95% CI: 0.715--0.751) with controls-S0-biopsy (Fig. [2](#F2){ref-type="fig"}a) to 0.822 (95% CI: 0.810--0.834; Fig. [2](#F2){ref-type="fig"}b) with controls-S0-biopsy-T1--T2. As the spectrum of cases with steatosis were always defined by biopsy (stages S1--S3), the sensitivity of the test did not vary. Therefore, the AUROCs were influenced by both the spectrum of the control group, which was directly related to the test specificity, and the change in the prevalence of steatosis, which varied from 32 to 62%. When controls-T1 (*n*=207, median SteatoTest-2=0.15) were added to the controls-S0-biopsy, the AUROC increased slightly from 0.734 (95% CI: 0.715--0.751) to 0.767 (95% CI: 0.750--0.782), and the prevalence of steatosis decreased from 62 to 58% (Fig. [2](#F2){ref-type="fig"}c). When controls-T2 (*n*=2562 median SteatoTest-2=0.30) were added to the controls-S0-biopsy, there was both a marked increase in the AUROC 0.815 (95% CI: 0.803--0.827) as well as a marked decrease in steatosis prevalence from 62 to 34% (Fig. [2](#F2){ref-type="fig"}d).

The Lin coefficient was highly concordant (*P*\<0.001), in all subsets and was between 0.74 (95% CI: 0.74--0.74) in A4 and 0.91 (95% CI: 0.89--0.93) in C1 (Supplementary File S3, Supplemental digital content 3, [*http://links.lww.com/EJGH/A360*](http://links.lww.com/EJGH/A360)).

Cutoffs for the SteatoTest-2
----------------------------

The upper 95% percentile (ULN) in the Steato-Test-2 was 0.40 in 177 blood donors with BMI less than 25 and fasting glucose less than 6.1. This cutoff was chosen as the ULN for ST2 to predict the presence of at least 5% of steatosis. The following cutoffs were recommended according to median values and 95% CIs: S1≥0.40, S2≥0.55, S3≥0.62 (Supplementary File S1, Supplemental digital content 1, *<http://links.lww.com/EJGH/A358>*)

The sensitivity for the integrated database with biopsies using the 0.40 cutoff was 79% (95% CI: 77--85) with a 92% negative predictive value, when adjusted for the predetermined prevalence of 18%. The corresponding specificity was 50% (95% CI: 47--53) (Supplementary Table S4, Supplemental digital content 4, [*http://links.lww.com/EJGH/A361*](http://links.lww.com/EJGH/A361)).

Comparison between presumed prevalences of NASH according to CRN or FLIP simplified algorithms
----------------------------------------------------------------------------------------------

The prevalence of steatosis in the NAFLD subset was 84.7%. The prevalence of clinically significant NASH (moderate or severe) was 72.3% (434/600) using the CRN algorithm and 80.3% (482/600) using the FLIPA2 algorithm, which was significantly (*P*=0.001) 8.0% (95% CI 3--13%) different (Supplementary Table S5A, Supplemental digital content 5, [*http://links.lww.com/EJGH/A362*](http://links.lww.com/EJGH/A362)).

The prevalence of steatosis in the subset of obese patients was 65.5%. The prevalence of clinically significant NASH was 16.6% (80/481) using the CRN algorithm and 18.1% (87/481) using the FLIP-A2 algorithm, which was nonsignificantly 1.5% (95% CI: −4% to 6%; *P*=0.55) different (Supplementary Table S5A, Supplemental digital content 5, [*http://links.lww.com/EJGH/A362*](http://links.lww.com/EJGH/A362)).

All included patients in the NASH trial subset had histological steatosis and NASH at inclusion, whatever the CRN-simplified or FLIP-simplified definition, and all had presumed steatosis by the SteatoTest-2 (Supplementary Table S5A, Supplemental digital content 5, [*http://links.lww.com/EJGH/A362*](http://links.lww.com/EJGH/A362)).

The prevalence of steatosis in the blood donor subset (Supplementary Table S5B, Supplemental digital content 5, [*http://links.lww.com/EJGH/A362*](http://links.lww.com/EJGH/A362)) was 15.5%. The prevalence of clinically significant NASH (moderate or severe) was 3.1% (10/322) using the CRN algorithm and 5.3% (17/322) using the FLIPA2 algorithm, which was a nonsignificant (*P*=0.17) 2.2% (95% CI: −1.2 to 6.8%) difference.

The prevalence of steatosis in the subset of healthy volunteers (Supplementary Table S5B, Supplemental digital content 5, [*http://links.lww.com/EJGH/A362*](http://links.lww.com/EJGH/A362)) was 50.1%. The prevalence of clinically significant NASH (moderate or severe) was 22.5% (1667/7416) using the CRN algorithm and 29.9% (2220/7416) using the FLIPA2 algorithm, which was a significant (*P*\<0.001) 7.5% (95% CI: 6.0--8.9%) difference.

The prevalence of steatosis in the subset of patients with diabetes (Supplementary Table S5B, Supplemental digital content 5, [*http://links.lww.com/EJGH/A362*](http://links.lww.com/EJGH/A362)) was 85.2%. The prevalence of clinically significant NASH (moderate or severe) was 41.8% (150/359) using the CRN algorithm and 44.6% (160/359) using the FLIPA2-algorithm, which was a nonsignificant (*P*=0.45) 2.8% (95% CI: −4.7 to 10.3%) difference.

SteatoTest-2, NashTest-2, and FibroTest improvements in the selonsertib trial
-----------------------------------------------------------------------------

All 72 patients with NASH and stage 2 (35%) or 3 (65%) fibrosis were included. At baseline, all patients had a NAS score ≥5 (100%). At 24 weeks, NAS improved by at least one point in 49% of patients. The SteatoTest-2 decreased by −0.02 versus +0.04 (*P*=0.03; Fig. [3](#F3){ref-type="fig"}a) in patients who improved compared with those who did not, respectively, the SteatoTest by −0.014 versus +0.014 (*P*=0.02; Fig. [3](#F3){ref-type="fig"}b), the NashTest-2 −0.06 versus +0.01 (Fig. [3](#F3){ref-type="fig"}c), and FibroTest −0.02 versus +0.02 (*P*=0.04) (Fig. [3](#F3){ref-type="fig"}d). Despite the narrow range of NASH disease severity (only grade 2 and 3), the AUROC for predicting an improvement in NAS by NashTest-2 was 0.700 (95% CI: 0.543--0.809; *P*=0.003).

![Decrease of steatosis, NASH, and fibrosis biomarkers in the selonsertib trial. (a--d) SteatoTest-2 decrease by −0.02 versus +0.04 (*P*=0.03), SteatoTest −0.014 versus +0.014 (*P*=0.02), NashTest-2 −0.06 versus +0.01, and FibroTest −0.02 versus +0.02 (*P*=0.04), in patients who improved NAS versus those who did not improved at 24 weeks.](meg-31-393-g006){#F3}

Sensitivity analyses
--------------------

The AUROCs of SteatoTest-2 were noninferior to the reference SteatoTest, whatever the associated inflammatory activity (Supplementary Table S6A, File S6, Supplemental digital content 6, [*http://links.lww.com/ejgh/a363*](http://links.lww.com/ejgh/a363)), fibrosis stage (Supplementary Table S6B, File S6, Supplemental digital content 6, [*http://links.lww.com/ejgh/a363*](http://links.lww.com/ejgh/a363)), fasting glucose level (Supplementary Table S6C, File S6, Supplemental digital content 6, [*http://links.lww.com/ejgh/a363*](http://links.lww.com/ejgh/a363), or obesity (Supplementary Table S6D, File S6, Supplemental digital content 6, [*http://links.lww.com/ejgh/a363*](http://links.lww.com/ejgh/a363)). The only exception was the small subset of patients with hepatitis C without activity, in which only 11 cases had steatosis. Statistical comparisons were not possible in two subsets because of a 98% prevalence of steatosis, that is, in obese patients with advanced fibrosis and with fasting glucose of at least 7 mmol/l.

Association with grades of CRN steatosis
----------------------------------------

Significant differences were found in all different stages of disease by histological grade with the SteatoTest-2 (Fig. [2](#F2){ref-type="fig"}; Supplementary File S7, Supplemental digital content 7, [*http://links.lww.com/EJGH/A364*](http://links.lww.com/EJGH/A364)). The medians were 0.40, 0.53, 0.60, and 0.64 for S0, S1, S2, and S3, respectively.

Discussion
==========

In this study, we constructed and describe a new blood test for the diagnosis of steatosis and have validated that its results are not inferior to the reference SteatoTest, a recognized comparator [@R1]. This new test has the advantage of not including BMI or total bilirubin in its components, which are two causes of significant variability [@R1],[@R6]--[@R8].

Noninferiority and concordance with the comparator
--------------------------------------------------

We have confirmed that Steato-test2 was noninferior to the comparator for the most frequent causes of liver steatosis, in patients with metabolic liver disease (overweight, diabetes type 2, and dyslipidemia) as well as in those with chronic hepatitis C, with biopsies. To evaluate its specificity, we also demonstrated the noninferiority of this new test in subsets with a lower risk of steatosis, including the general population and very low risk groups such as blood donors, healthy volunteers, and hepatitis C without steatosis. Furthermore, the highly significant quantitative concordance between these two tests was confirmed in all subsets. The comparison of AUROCs demonstrated noninferiority after the major sources of variability were taken into account, in particular, the prevalences of steatosis, stages of fibrosis, grades of inflammatory activity as well as the prevalence of diabetes, obesity, and increase in fasting glucose with standard cutoffs (6.1 and 7.0 mmol/l).

Choices and effect of controls
------------------------------

Our study emphasized the importance of control (without steatosis) and case (with steatosis) selection in studies evaluating the AUROCs of biomarkers [@R2],[@R4]. The construction of this new test took into account the methodological limitations of previous studies, concerning sample size as well as the definitions of steatosis and controls and their effect on AUROCs.

Because of the ethical limitations of performing biopsies in healthy controls or in cases with metabolic liver disease and normal liver function tests, we used the same inclusion criteria as those used for MRS as our reference to define the presence or absence of steatosis and define the ULN in SteatoTest-2 [@R21]. We feel that these criteria should be recommended in guidelines to standardize the methodology when constructing steatosis biomarkers, thus preventing artificial disagreement.

The selection of patients with steatosis in whom biopsy is indicated on the basis of MRS or not can significantly influence the AUROCs in biomarker studies. If a study is designed with MRS first, then biopsy is only performed in patients with steatosis on MRS, and controls to evaluate specificity will be those patients with steatosis on MRS but not on biopsy. This is obviously rare and does not correspond to a frequent context of use. Thus, these studies cannot reliably assess specificity and AUROCs for steatosis. This strategy is also questionable to assess the value of NASH biomarkers because ballooning and lobular inflammation may be present with or without steatosis of less than 5% at biopsy. Because of these limitations, we decided to assess the specificity of steatosis biomarkers in large samples. Like the first-generation SteatoTest, we included all available biopsies from 498 patients with chronic viral hepatitis, [@R6] as well as 1537 patients with no risk of steatosis as controls, using the ULN for MRS as the basis of our ULN [@R21].

In this study, we demonstrated the influence of the arbitrary selection of controls when evaluating steatosis noninvasive tests by AUROCs. Without changing the test sensitivity, AUROCs 'artificially' varied from 0.734 with biopsy controls (Fig. [2](#F2){ref-type="fig"}a) to 0.822 (Fig. [2](#F2){ref-type="fig"}b) with biopsy+T1+T2 controls. The results were influenced by both the spectrum of the control group and the change in the prevalence of steatosis varying from 32 to 62% according to the selection of cases without steatosis. As the prevalence of steatosis varies between 20 and 50%, presumed by MRS [@R1],[@R5], the performances of new biomarkers of steatosis must be assessed according to these sources of variability, and avoiding indirect comparison of AUROCs.

Performance for marked (grade S2) and severe (S3) CRN grades of steatosis
-------------------------------------------------------------------------

We also show, for the first time, that SteatoTest-2 significantly discriminates among the four stages of the CRN score [@R1],[@R2]. Although the semi-quantitative correlations and significant differences among histological stages in our study are not similar to the results of MRS, which has a better correlation with percentages of hepatocyte steatosis than any blood test [@R1],[@R20],[@R21], our aim was to validate a robust test without the practical limitations of MRS. Although the main value of SteatoTest-2 is its sensitivity and associated high negative predictive value (92%) for the diagnosis of steatosis of at least 5%, there was also a significant correlation between test values and histological grades of steatosis. Furthermore, the clinical value of the AUROC (0.603; 95% CI: 0.577--0.229; *P*\<0.001 vs. random) for the diagnosis of S2S3 versus S1 is limited. Indeed, this AUROC was assessed in a narrow range of steatosis spectrum, without S0 controls, or controls with no risk of steatosis (Fig. [2](#F2){ref-type="fig"}e).

Validation in NASH paired biopsies
----------------------------------

We have demonstrated for the first time in a phase-2 trial of selonsertib that the changes in the three noninvasive tests, SteatoTest-2, NashTest-2 and FibroTest, can reliably predict improvement in the NAS score in patients with NASH (Fig. [3](#F3){ref-type="fig"}). This confirmed that the paired SteatoTest-2 detected an improvement in steatosis in patients with moderate and severe grades of steatosis, which was also observed in biopsies and MRS.

Our study has several limitations, including its retrospective design and the absence of a large subset of cases with MRS as a quantitative reference for liver triglyceride content. Prospective external and independent validations with MRS are needed. However, despite the retrospective design, the SteatoTest-2 was clearly noninferior to and highly concordant with the reference SteatoTest that has been extensively used and validated by guidelines for the diagnostic of steatosis.

Conclusion
----------

The new multianalyte SteatoTest-2 simplifies, and was found to be noninferior to, the reference SteatoTest for the diagnosis of steatosis, without the variability induced by BMI and the risk of false positives related to unconjugated bilirubin.
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